growth of macrophages has not been elucidated well as yet. It has been reported that murine bone-marrow-derived macrophage cultures do not depend on the presence of serum-derived growth factors and that the addition of M-CSFas a single factor promoted the growth of virtually pure macrophage cultures (20) . In contrast * To whomreprint requests should be addressed. Abbreviations: BSA, bovine serum albumin; CSF, colony-stimulating factor; FCS, fetal calf serum; FCS-In, inhibitory activity in fetal calf serum; GM-CSF, granulocyte-macrophage CSF; IL-3, interleukin 3; LCM, L-cell conditioned medium; LPS, bacterial lipopolysaccharide; M-CSF, macrophage-CSF; M5A, McCoy's 5A; PAGE, polyacrylamide gel electrophoresis; PBS, Dulbecco's phosphate-buffered saline (Ca++, Mg^free); WEHI3CM,WEHI-3-cell conditioned medium.
to these results, the requirement of serum factors for the in vitro growth of mouse (30) and ovine (6) macrophages has been reported. We previously reported the isolation of three factordependent macrophage cell lines from bone marrow cells of C3H/HeNmice (15). We have since isolated a subclone, BDM-1W3, from one of these factor-dependent macrophage cell lines (16, 17) . In order to gain a better understanding of the serum requirement for macrophage proliferation, we examinedthe effects of serum on the growth of BDM-1W3and of its parental cell line, Bacterial lipopolysaccharide (LPS) is known to affect various functions of macrophages (1) . LPS shows inhibitory effects on the proliferation of macrophages in the presence of CSF (12, 17, 25) , whereas it enhances survival of mouse bone-marrow-derived macrophages (25) and human blood monocytes (2, 10) in the absence of CSFs. Wepreviously reported that LPS promotes DNA synthesis and supports the cell viability in the absence of CSFs in BDM-1 and BDM-1W3cells (17). Although the molecular mechanisms by which LPS induces DNA synthesis and supports the cell viability in BDM-1and BDM-1W3cells have not been elucidated, it is possible that the LPS-induced DNAsynthesis and cell survival are mediated by autocrine production of the growth factors. Therefore, whether or not LPS-induced DNAsynthesis in BDM-1W3 cells also requires serum is interesting. Therefore were prepared as described (14) . As previously reported (17), by ultra filtration (Diaflo YM10, Amicon, Lexington, MA), and dialyzed against phosphate buffer (25 mMNaH2PO4/ Na2HPO4, pH 6.0). A column (2 x 12 cm) of DEAE-Sephacel (Pharmacia, Uppsala, Sweden) was equilibrated with the same buffer. The sample (8 ml) was applied to the column and eluted stepwise with 100 ml of phosphate buffer, 100 ml of 0.1 M NaCl in phosphate buffer, and 100 ml of 1.5 M NaCl in phosphate buffer. Seven-milliliter fractions were collected and assayed for the inhibitory activity. For the next purification step, fractions containing the inhibitory activity were combined, concentrated, and dialyzed against 0.1 MNaCl in 25 mMNaH2PO4/Na2HPO4 (Na/Pi) at pH 6.5. Heparin-Sepharose chromatography. A column (1.5 x 4.0 cm) of heparin-Sepharose CL-6B (Pharmacia, Uppsala, Sweden) was previously equilibrated with 0.1 M NaCl in 25 mMNa/Pi (pH 6.5). The sample (5 ml) from the previous step was applied to the column and eluted stepwise with 100 ml of0.1 M NaCl in 25mMNa/Pi (pH6.5), 70ml of0.1 M NaCl in 50mMNa/Pi (pH7.5), and finally 70ml of 1.5M NaCl in 50 mMNa/Pi (pH 7.5). Fractions containing the inhibitory activity were pooled, concentrated, and dialyzed against Dulbecco's Ca^, Mg^-free phosphate-buffered saline (PBS).
Polyaerylamide gel electrophoresis (PAGE). Fractions containing the inhibitory activity, which eluted at the breakthrough volume from the heparin-Sepharose column, were pooled and concentrated. SDS-PAGEwas performed with 4-20% gradient gels. The buffer system of Laemmli (9) was used. The molecular weight was determined by comparisonof the mobility with that of standard proteins (molecular weights in parentheses): myosin (212,000), a2-macroglobulin (170,000), /3-galactosidase (1 16,000), transferrin (76,000), glutamic dehydrogenase (53,000), and carbonic anhydrase (30,000). Characterization of inhibitory activity. Experiments designed to determine if the FCS-In preparation was inactivated by incubation with trypsin were carried out by use of trypsin covalently bound to acrylic beads (Sigma Chemical Co., St. Louis, Mo). Approximately 57 pig of the partially purified FCS-In preparation was incubated overnight at room temperature in 0.3 ml of PBS containing 13 units of trypsin. In the control experiment, the sameamountof FCS-In was incubated in the same manner in PBSwithout trypsinbeads. In another control experiment, trypsinbeads were incubated in PBSwithout the FCS-In material and removed by centrifugation; then the supernatant was assayed for inhibitory activity. The inhibitory activity toward LPS-induced DNAsynthesis in aliquots of this incubation mixture was assayed as described.
RESULTS
Effects of serum on CSF-induced DNAsynthesis of macrophagecell lines. We previously reported that BDM-1cells responded to M-CSF, and BDM-1W3 cells to M-CSF, GM-CSF, and IL-3, with proliferation (17). To examine the effects of serum on the DNAsynthesis in BDM-1and BDM-1W3 cells, we cultured the cells with CSFs and various concentrations of FCS. When the FCS concentration was raised from 0.2% to 25%, CSF-dependent DNAsynthesis in both cell lines was enhanced in a dose-dependent manner ( Fig. 1 ), indicating that CSF-induced DNAsynthesis in these cells depends on the presence of serum. The same requirement was also observed with BDM-1and BDM-1W3 cells cultured with various concentrations of M-CSFand IL-3, respectively (data not shown). Effects of serum on cell growth. We then examined the effects of serum on M-CSF-induced cell growth.
BDM-1 and BDM-1W3 cells were cultured with 990 units/ml of human recombinant M-CSFin the presence of various concentrations of FCS. WhenBDM-1cells were cultured with 0.2% FCS, the cells died gradually (Fig. 2a) . At 10% and 25% serum, the cells grew rapidly, and the total cell number increased approximately 17-to-20-fold by day 12 of culture. In contrast to BDM- effects of FCS on LPS-induced DNAsynthesis, we partially purified the fraction containing inhibitory activity using gel filtration, ion-exchange chromatography and affinity chromatography. At first, FCS was chromatographed on a Sephacryl S-200 HRcolumn, and various fractions were assayed for the inhibition of LPS-induced DNAsynthesis in BDM-1W3 cells cultured with 0.2% FCS. When FCS was applied to the column, a major peak containing the inhibitory activity was eluted 100 Serum(%; from the column in the void volume peak (Fig. 4 ). Since the upper fractionation limit of Sephacryl S-200 HRhas an approximate molecular weight of 250,000, the inhibitory activity has a molecular weight of more than this value. Gel filtration of lipoprotein-depleted FCSalso revealed a major peak of the inhibitory activity in the void volume peak (data not shown). These results suggest that the inhibitory activity is not contained in the lipoprotein fraction in serum. Next, the fraction containing inhibitory activity from gel filtration was passed through a DEAE-Sephacel column. The active fraction was eluted showing a distinct peak at 1.5 MNaCl in phosphate buffer (Fig. 5) . We further purified the inhibitory activity using a heparin-Sepharose column. One major peak of the inhibitory activity appeared in the breakthrough volume and two minor peaks were eluted at 0.1 M NaCl and 1.5M NaCl in phosphate buffer (Fig. 6) . The active fraction indicated by the major peak waspooled, concentrated and dialyzed; its properties were then characterized. The material that eluted as the major peak from the heparin-Sepharose column was subjected to SDS-PAGE (Fig. 7) . When not reduced, the material consisted of two proteins, which migrated in a major band with an apparent molecular weight of 270,000 and the other, in a minor band with a molecular weight of 320,000 (lane 1 (lane 2). Whenthe partially purified inhibitory factor from FCS (FCS-In) was incubated at 56°C for 30 min, or at 100°C for 5 min, the inhibitory activity was reduced, although it was not completely lost (Fig. 8) . The inhibitory activity in the FCS-In material was also partially reduced upon incubation with trypsin (Fig. 8) . Whenthe cells were incubated with FCS-In in the absence of LPS, no inhibition was observed with respect to the control value. However, the LPS-induced cell survival was inhibited by FCS-In (Fig. 10) .
Effects of FCS-In on

DISCUSSION
The present study demonstrated that serum was required for CSF-induced proliferation in the factor-dependent macrophage cell lines BDM-1and BDM-1W3. The requirements of serum factors present in FCSfor the proliferation of macrophages (6, 30) and a factor-dependent hemopoietic cell line (4) have been reported previously. However, the precise nature of these serum factors has not been well defined as yet.
Wepreviously reported that LPS promotes DNAsynthesis and supports cell viability in the absence of CSFs in BDM-1and BDM-1W3cells (17). It has been unclear whether LPS works directly on BDM-1 and BDM-1W3 (Fig. 3 ). In comparison with FCS, calf serum and horse serum did not show significant inhibitory activity toward LPS-induced DNAsynthesis in BDM-1W3cells. These results suggest that an abundant amount of the inhibitory activity responsible for the inhibition of LPSinduced DNAsynthesis is contained specifically in FCS.
Since a mousebone-marrow-derived macrophagecell line has been used for the assay of DNAsynthesis, these results indicate a lack of species specificity for the inhibitory activity of the molecules. The inhibition of LPS-induced splenic B cell activation by normal mouse serum was previously reported (28) . The inhibition of the biological activity of LPS by human (8) and normal rabbit serum (22) was also reported. To investigate the properties of the inhibitory activity in FCS, FCS was fractionated by gel filtration on a Sephacryl S-200 column. The inhibitory activity was eluted in the void volume peak containing macromolecules such as a2-macroglobulin (Fig. 4) . These results indicate that the inhibitory activity has a molecular weight of approximately more than 250,000. The inhibitory activity was further purified by chromatography on DEAE-Sephacel and heparin-Sepharose columns. Whenthe molecular weight of partially purified inhibitory activity (FCS-In) was estimated by SDS-PAGE, the molecular weight of 270,00 was obtained under non-reducing conditions. Upon reduction, four bands with apparent molecular weights of 170,000, 110,000, 67,000, and 30,000 were detected (Fig. 7) . These four proteins were electroblotted onto polyvinylidene difluoride membranes, and partial NH2-terminal amino acid sequences were determined. When the NH2-terminal sequences of these four proteins were searched for in the Swiss-Prot 19 protein data base, we found that the two proteins having molecular weights of 170,000 and 1 10,000 were homologous to human a2-macroglobulin and a third protein (MW.67,000) was homologous to chemical characterization of this material revealed sensitivity to heat as well as trypsin, demonstrating it to be proteinareous in nature (Fig. 8) . FCS-In inhibited LPSinduced DNAsynthesis and the promotion of viability in BDM-1W3cells, whereas it did not affect M-CSF-, GM-CSF-, and IL-3-induced DNA synthesis in the same cells (Fig. 9) . These results suggest that FCS-In is a factor specific for LPSrather than a nonspecific cytotoxic factor. The inactivation of LPS in most studies appears to involve interaction of LPS with non-immunoglobulin factors in the serum. It has been reported that LPS interacts with a variety of plasma proteins including transferrin (3) and a2-macroglobulin (21). Human a2-macroglobulin and BSAdid not inhibit LPS-induced DNAsynthesis in BDM-1W3cells (data not shown). In another series of studies, it was shown that LPS binds to high-density lipoproteins in serum and plasma and that the resulting LPS-lipoprotein complex is markedly less active than unbound LPS in many systems (23, 24).
In addition to high-density lipoproteins, low-density lipoproteins bind LPSand markedly reduce the cytotoxic effects of LPS (13, 27) . However, in our case FCS-In was purified from lipoprotein-depleted FCS(data not shown). Our preliminary results indicated that partially Because FCS-In was not completely purified in this study, it is possible that several inhibitory molecules were also detected by the procedure shown here. Further purification of FCS-In is in progress.
